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PREFACE 



While?!||^ theory of the transition curve as here devel- 
oped is bases upon the methods given by M. Nordling 
(see **Annales des Fonts et Chaussto/' 1867), the equa- 
tions for both the cubic parabola and the spiral appear 
in Professor Rankine's "Civil Engineering" (Ed. 1863), 
and are accredited to Dr. William Froude, undoubtedly 
ante-dating those of Nordling. 

Translations of a portion of Nordling's demonstration 
have appeared from time to time, but only so far as 
related to connecting a straight line with a circular 
curve. That portion relating to connecting circular 
curves of different radii, by means of the cubic parabola, 
has not appeared in the form given by Nordling, so far 
as I am aware. The formuke deduced in the latter case 
are of general application and equally true for connecting 
curve with curve, or curve with tangent, when proper 
values are introduced into the equations. 

That of joining a tangent with a circular curve, by 
means of the transition curve, is a special case where one 
of the radii becomes infinitely great. Some of the recent 
spirals, adopted as curves of adjustment in railroad 
location, easily develop from the equations of the cubic 
parabola by making the proper substitutions in them. 

Following the supposition indicated by M. Nordling, 
i.e., regarding x — L and substituting L for x in the 
Nordling equations, the formuke (42-46) were obtained 
by the writer during the summer, of 1884, as were also 
§ (2-9) inclusive, by an independent process, resulting 
in the verification of the formuke invented by Froude in 
1841 and published in 1861. Hence, it is tbo\ij^ ^Oas^* 

• • • 
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their application. It is seldom necessary to use more 
than two tenns in the formulse involving series. 

The larger type may be read independently of the 
smaller type. The latter may be used when the curve 
is extended beyond ordinary limits and greater accuracy 
in results is sought. 

For field practice, formulae (42-52), (60-61), are the 
ones with which, taken with the tables, one should 
become familiar; and these formulae may be regarded as a 
summary of the essential part of the book.* 

The "run off" is understood to be equal in length to 
that of the transition curve and coincident with it. 

The transition or adjustment curve can rarely be 
applied to switches or turnouts to advantage, except 
where high speeds are maintained. 

The more important formulae are in full-faced type. 

I am indebted to Professor H. I. Randall, C.E., of the 

University of California, and also to Mr. D. E. Hughes, 

C.E., for valuable suggestions. The latter is the author 

of an excellent paper on this subject. 

N. B, K, 
San Francisco, January, 1904. 

* By making all terms containing the factors m or /, representing 
spiral offseU in Probs. (I-V) eqv/al zero, the spiral disappears from 
the formula and it stands for circular curves simple or compound as 
the case may be. 

Except in a few cases, Greek letters have been used to designate 
angles, small Roman italics for lines and Roman capitals for points. 

8. F. 1907. 



CONTENTS 



THE SPIRAL 
Section. Page. 

1 Definition and Object of the Transition 

Curve 1 

1 Fundamental Equation of the Curve ... 3 

2 Equation for Compound Curves 3 

3 Central Angle for Compound Curves ... 5 

4 Difference in Length of Spiral and Circu- 

lar Arcs subtending Same Angle .... 6 

5 Transformation to Rectangular Co-ordi- 

nates 7 

6 Rectangular Co-ordinates at the Offset 

Distance 11 

7 Offset Distance. Distance between Cen- 

ters 13 

8 Practical Formula 15 

9 Method by Deflection Angles 18 

10 Ordinatbs from Long Chord 24 

10 Remarks on Superelevation, etc. Table 

OF Radu and their Reciprocals 25 



PROBLEMS 

11 Problem I. Semi-Tangents 27 

12 External Secants 29 

13 Problem II. Location of Offset *'/"... 31 

14 Problem III. Compound Curves 33 

15 Problem IV. Tangents to Two Curves . . 37 

16 Transition Curve in Old Tbxcts. *^ 

vu 



Length of Circular Arcs at R 
MEiNUTES IN Decimal of Degree 
Transition Curve Tables . . . 

APPENDIX 
Miscellaneous Problems and T 



THE TRANSITION CUEVE 



§ I. The true transition curve is one of which the 
radius of curvature, at its origin, is infinitely great; 
and at any other of its points, the radius of curvature is 
inversely proportional to the distance of the point, 
measured on the curve, from the origin; the product of 
the radius and distance being a constant for all points 
of the curve. 

The object of introducing the transition curve between 
circular curves of different radii, or between a tangent 
and circular curve, as apphed to the alignment of rail- 
roads, is to give centrifugal force an appreciable time to 
develop, from that due to one given radius of curvature 
to that of another, in a moving body passing from a 
circular path of one rate of curvature to that of another 
rate of curvature; and to develop simultaneously a force 
equal and opposed to the centrifugal force, neutraUzing 
it at every point of the curve. If one of the given radii 
is made infinitely great, its curve becomes a tangent; 
and centrifugal force develops gradually from zero to 
that due to the other 'given radius of curvature, in the 
time it takes to traverse the transition curve; thus 
avoiding instantaneous development or "shock." 

The opposing force is the horizontal component of a 
force due to gravity developed by inclining the vertical 
axis, passing through the center of gravity of the moving 
body, from a normal to the plane of rotation. &tL<l \a^%s^ 
the center of rotation. 
From mechanics the expression ioT c«nX.TA>a%^ \wt<^ 

1 
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which w is the weight of the movin 
the path or gauge of the track, ai 
the path, or "cant," towards the 
a distance g. 

Since by the hypothesis the opp 
;h other in intensity, 
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— = solvini 
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* More correctly (Fig. 1) « — 



V (32.2)2 r^- 

. W . in which h = 

K h . The rwult 



THE SPIRAL 3 

If i denote the distance, measured on the curve, re- 
quired to change the inclination or ''cant'' of the path 

one unit, -r will denote the change of cant in one unit of 

distance. Therefore, in a distance OB, « L, the cant, or 
superelevation, will be: 

h.e~-^ (1) 

from which 

The second member of Eq. (2) is a constant, since 
all its factors are assumed constant, and represented by 
Pf whence, the fundamental equation of the curve: 

L/'/ - P, (3)* 

which is the equation of a spiral, in which OB, <= L,, 
Fig. 2, represents the required length of the transition 
curve, DB, = r, the radius of the curvature common to 
the transition curve and the given circular curve where 
these curves become tangent each other. (See Fig. 2.) 



GENERAL FORMULA. 

§ a. If in the figure we let OB, be denoted by L, and 
OBfj by L,„ then 

OB,^L,^^- OB„=^L„^f; 

subtracting, letting L,, — L, =' L, we have the General 
Formula for compound curves. 



* Froiide's Eq. (3), is in the form of L » et, which is called by 
Hankine "The Curve of Adjustment." Any partlou^Sbt «^vcvi^ v& 
derignated by the numerical value assigned to \\.a coT>e\.«ixi\. P« 
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§ 3. In general let L — £ — Pr-» ; di£Ferentiating dL — Pr-*dr, 
We have from the calculus: dL, — rda, whoice 



rda - Pr-^dr, da - ^HI!^ - Pr-^dr; or 



a "/Pr ^dr-m 



2 " 2r2 • 



hence for any two arcs a,, and a, at radius » 1, we have: 

P P 



a.j — a. 



'" "' 2r,/ 



2r,» " 2 Vr,/ r,»; 



or 






substituting in value for a„ — a„ we have for the Central 
Angle for Compound Curves expressed in arc at radius 
= 1. 

* o» - «' = ^(i7,±F,) ° * = ^"^^' (*^ 



* The values of fit fin a-t a-,, and ^ are expressed in arc at 
ladius — 1. The degrees in an arc of a circle which is equal to the 
radius in length — 57.295. The arc of 1 degree at radius — 1 is 
.01745 +. Hence the expression for any number of d^rees in a 

I * Ao arc A 

given Circular arc is: il" -■ fQif^~Z' 



'£ — Sign when the directions of curvath 



// 



Example No. 1. GivenL — 150;r^ 
) find arc (a,, - o,) - ^ - ft, + ft - 



arc (a,, - „J - ^ - _ (_ 



8 "*" 2 



arc of 6** 45'. 



If in equation (8) we make r, — oo , ar 

«// — :rr- ; «// — 
16 angle, expressed in arc, subtended ' 

§ 4« DIFFEREHCB IH LEHGTH OF THE 
[JM OF THE CIRCULAR ARCS SUBTENDIHG 

The rectangular co-ordinates of the centc 
^ius T/, as D/, referred to the origin are: OH 
id of D// Off// -■ Iff, H,fD„ — *//; whence 



la - // 
*/- * 



tan (a/ + jS,) ; 



// 
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from either of these equations 

18//° - a,,o - (a.o + B/> ), (14) 

-with P,° reduced to arc, then 

and 

Pi =• »// - (a/ + ^//), r,^, ^ AtBr, (16) 

denoting the difference between L and AnBa + ^/B/ by "c2" we 
have 

d =» L - U//B// + ^/B,) - Z, - ixaPa + r,fi) 

Placing 

(r//^// + r,P,) - Lc, 

we have 

••d"-L-Lc. (i6) 



§5- TRANSFORMATION TO RECTANGULAR CO-ORDINATES. 

By the Calculus dy — dL sin ^ 

dx -" dL cos ^ ; 

in which ^ — any angle. By trigonometry, 

"° * 1 1.2.3 ^ 1.2.3.4.5 ^^"^ 1.2.3 . . n ' 






* This and the succeeding formula are for expressing the trigo- 
nometrical fimction of an arc in terms ot tbn «bxc^ \\.<m3&. V^kk^ 
Chauyenet'5 Tnigonometry, Chapter XIII, l&Qtl^. 

m and n — poaitive whole numbera. m ■» even., n *• <A^« 



■^ - sin ^ - sin O// + p,) - sin B 






SxAMPLE No. 2. Given L - 160; r,, - i 
Bin ^ - sin O + ^) - ^ f i- . 

sin ^ - sin iP,, + ^,) - .11775 X .997' 
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dydL (^ 



2P " 48P» **■ 3840P* ~®*®' ' • • • ) • ^^®^ 

iSTPV 



integrating, 






or, since P- J 1. with its origin at B, the ordinate of any 

point of the spiral, as 

B"B«-y-?(^,-^)[-g(^-^)Vetc.]. (,o, 



Example 3. Given r, - 2865; t„ - 818.8 ; L - 150, to find 
V by: 

^^^'(.00122 -.00036) [1 - y^ (.00122 - .00035)a + etc.] 



y - 22500 X .00087 ^ _ ^500 (.00087), + etc - 3.2625 [.99971 
- 3.26225. 



Or in terms of ^, since L ■■ 2r^, and — ■■ ( ) 

^ \ Tit Tit 

2^ 





TKA^-SITION CUBVB ^^^^^H 
r,- a,, ^- -O.L- L,. the orclinktB of nri»U 

-|;^{l -^+Mc.) wilb ortsln .t Q (.ij 
aail 0G„ It ibBciisa. 

hP' + 3Slf" *0080P» "*■ '"^ - 1 

40/" 3466/- 5990*0/" ^ ""^ • • • 
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EXAMPLB 4. 

x — Lll — — f J ± etc. (other terms) J 

--^/- 22500 X. 0000007569 4- ^\. 
-150^^1 ^ ±), 

X - 150 (.9006 ±) - 149.94. 

With origin at O, any abscissa, as 

OG.. - X,, - L., (x - -^+ -^^ - ^"' , + etc.); (26) 

\ 40 tu^ 3456r//« 599040 r//* /' ^ ' 

alao when ^ >■ a^/ 

X.,- 2r..a,, ( 1 - ^' + 216 " ***"•) ^^^ 

§ 6. RECTANGULAR CO-ORDINATES AT THE OFFSET 

DISTANCE. 

z**. To find the abscissa and length of the curve. 

Let i/M// be the ordinate, xw// the abscissa, and Lm„ the length 
of the curve corresponding to xm,iym„\ then a very nearly correct 
value of yw// for central angles up to 50 d^rees may be obtained 
as follows: 

OHu «= xm„ — Xit — T„ sin ^: whence, with origin at O, (27) 

by £q. * page 7 and (27). 

Off„- «.„ -r,^(l - 1 + j^ - . . . .)or (27«) 

in terms of tn and L// 

OH./ - x«,, - ^' (1 --^+ ^"* , \ (a8) 

a V laor/y' 17280 r//« / 

and when the origin is at Bi 
in which h ^ hn " Ls '^ BtBu. 



/./- 



Xf 



40 Vr. rj 



and r/ 



L/ + L, 



tnay write L«» for L/ and xm for a:/", rm fo 
ti (30) when the origin is at O; then 



Lm 



Tm 



1 - 



40r«3 



To find the ordinate of a transition curve n 

I// (or f): 

r 
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The method given in Equation (47) for finding the ordinate y / 
is approximate and sufficiently close, within the limits of the 
tables. For a large central angle or great length of spiral a closer 
approximation is necessary. 

Writing v*^/ for y, when origin is at O, we have by (19): 

with origin at B, then B,U m. L/ " P (^ j , and 



This method of obtaining )3// and ^« may be used instead of 
Eq. 6 or 8. 



§ 7. OFFSET DISTANCE. 
In general* by Fig. (a), the offset distance. 

/ — y - JB ver ^ «= y - JB (I - cos ^), (33) 



in which R depends on — for its value, substituting for cos 6 

Til Ti ' 

its value (remembering that R " yj' and reducing, since 
B (1 - cos 0) » K [l - (l - ^ + 3^ - etc.)] » 

/-1/-Kver^-Z.[(^ -3^,+etc.)- 

^-3^+ HI' ^^^^ 



TKASSITION CURVE 



mat B,: 



I (l.'iOi, (.00087)' 1 



-AS(-ITi*~) 



THE SPIRAL 15 

Example 6. Given L — 150; r, — 2865; r^ — 818.8; to find 
the distance between the centers of curves with radii r,t and r/. 
First, if curves turn in the same direction (Fig. 2): 

I>.I>. » r,-[r. 4- |^C^-^)(1- etc.)]. 

DssDt - r/ - (ry/ + /) »• 2865 - [818.8 + ^1^ + .00087 1; 

D,,D, - 2866 - [818.8 + .815] - 2865 - 819.615 - 2045.385. 

Second, if carves are reversed (or turn in a contrary direction) 
(Fig. 9), then: 

^„^„, - [. .(. . i ((^ . ^) -±^. ^)))] («a, 

X sec K„D,D,ii =» \ri + (r// + m„ + m/)] sec K„D„D,„\ 

tan KuD,Dns - — !^" ?* "^^ 1 (416) 

Tt -t- Til -T mil + VfU 

PRACTICAL FORMULJE. 

Am 
§ 8. If, in the foregoing values of y, ^t -rj-f and / we 

omit terms in the bracket after the first or second, we 
have for central angles of 20^^, or less, the following 
practical formulae for uniting circular curves of differ- 
ent radii by means of a spiral arc : 

B,,B,,, =y = ^[^- ^r); (42) 

SeeEq. (32) 

B.B. = x=L[x-g(i--l) 
See Eq. (28a) 

BA-x,= ^[i-:^(,^-J^J+ ...] (43a) 

• WhenO,0„-0. 



'+ (43) 



TRANSITION CURVE 
= i--'^{^+:^):^^'rlj (441 

, =sin0 =sin(ft,+ ft) " (44b) 



it radius = 1 ) = - 1 — -i 

arc * X 57-3° = *" 

' 24U,, I.J 

equation we find: 
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For uniting a tangent with a circular curve by the 
use of the spiral, 

we have — =■ o, in (42-47); 

whence: by Fig. 2, for any distance on the spiral, as L,,, 
with radius r,,, the corresponding 

Ordmate G,,B,, « y,, = ^ (48) 

and the abscissa OG^y = x^^ = L^ J i ^+ (49) 

The sine of central angle of the transition curve 
equals 



sin TX^jy^^B,, «= sin a,^ 



^hi^fi^ LjL\ (50) 



arc N,,D,,B,, = a,, = -^ , arc a,, X 57.3** = «//° 

the offset N,,H,, = m,, = ^ (51) 

} the length of spiral = -7^ = >/6m^ (52) 



'"•"" 6P 



OH^y = Xm^^ = x,^ - r,, sin o,„ or (a) 

0,d or 0,1 = t= Xm+ (r,, 4- m) tan i I (see Fig. 5) (b) 

If D// and D/ denote the "degrees" of the curves (determined 
by 100 feet of their length) corresponding to the radii, r„ and n; 
then, since L// and Do and L/ and 2>/ are inverse functions of r// 
and r/, we have 



— II 



^»«»»»««««fc»*A M\I Vi 



the difference between curvature at I 

jame as when ^, = 0, and ft^ -» -^ 

I can be computed and laid off fron 
ixis of abscissa with B^ as origin, the 
If we now conceive this new axii 
,o a radius r, the curvature of the tn 
x>int will be increased by the san 
)rdinates may, without serious error, 
he arc B^A, and establish points of 
The same reasoning will apply if 
>ecomes tangent and values of x an 
b with B„ as origin, except that the 
urve would be convex to B^^A^f, 1 
lowever, be equal to those of the co: 
rom B,. If r^f now resume its orig 
ature of the transition curve at a 
hat of the circular curve with radiu 
ature it had in a contrary dire( 

ifinitely great and B^fA^, a straight 

p 

^K /3^y and r = — . data mav hft t.alroi 
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for z and y, their values may be laid out simultaneously 
with corresponding equal chord measurements along the 
transition curve. 

The principle enunciated in the paragraph preceding, enables 
us to prepare a table of deflection angles according to the following 
method: 



f 




M ' 

1 


> 


\ 
\ 


,^;^ 




•v^2T 



Referring to Fig. 3. If the deflection angles from AX to any 
point be denoted by 5^/5//, it will be found by computation that 
any angle as 

«' - ^' - ;^ (nearly), ♦ (53) 



DAX 



6r 



// 



in which r„ = DK and L « AD. 



ADC/ - DCX - DAX = «, -^=i-^-;^=. (54) 

3 2r// Of// 3r// 



♦ Since ?^ - — - tan ^ UcaxVv^. 

■AUf Xff o 



iuui Aj ± \A3 \ao pom I jCi^ lor tne circular curvi 
he same way with D as origin. 

'he angle 

DGG// - 2«// + A,, - (a,,- a,) - («,, 

f we add {^„ + A^^) to both members of the e 

GOT - «// - a, — ^ - 3 «,^ 4 

1 which ^it ~ I/A, A sa the deflection for a u. 
le circular curve with radius r,,^ and L the i 
oint laid ofif on DQ, 

FOR CONVENIENCE IN FIELl 

Eq. (53) may be reduced to degrees 
)llowing form : 

«* - i^ 57. 3®, whence I 
or 

* ««- Z)ALi.|^57.3«in^ 

le instrument point is the origin of L. 
A = deflection angle per foot from 
rcular curve. 



IV./X r*i 
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This equation can be still further simplified in appli- 
cation by the following reduction in 5' = ^- 57.3®, let r 

or 

= radius due to L measured from the position of the 
instrument to the point of spiral to be located. 

iV = the number of chords of equal length (each sub- 
tending one degree change in rate of curvature) in the 
length of L of the spiral. Then if r^ =» the radius of a 
one-degree curve, 

r = ^ and 5° = ^^^^ = LN X 0.00166® (60) 

or 5' = LN 0°00.1'. 

If we wish the change in rate of curvature to be any- 
other than one degree to the chord, and denote this change 
by C, C = the change in degree of curvature, due to 
one-chord length, and may be either a fraction or whole 

number; then 

y = LNC X 0°00.1'; (60a) 

or since C - ^' , 5' - LD, x 0°00.1' ;* (606) 

,». V 

and if one of the chords be fractional, and we indicate the 

fractional part by r= in which F is the number of parts 

into which a chord is divided, and n the number of such 
parts taken, 

5' = L^V + ^) C X 0°00.1', hence (60c) 

»' = L [da ±^N + 5\ c X o^oo.i'] (6i) 



w 



is a general formula for the deflection from a tangent, 
at any point of the transition curve, to locate any 
other point of the transition curve. 

* See Appendix. 



'VN^th instrument at A^ DA ■- 0. 

place the line of sight on tangent at any poi 
backsight on last instrument point, formula 
tangent becomes 

to' ^ L [z>A+ 2{n +j^ CO^OO.l' 

unning towards G (Fig. 3), D being the rat 
It instrument point, and L the length of spi 

, (57) 0,' - L [z>A - 2 (at + ^) CO'00.1'] 

pplying Eq. (61), the more frequent the ch 
nearly will the resulting curve agree with 
; their distance apart to be not more tha 
hange points " include a central angle of mor 
earer value for the second term in the brack) 



{n + j^ C0*»00'.0998. 



iMPLE 7. Given, 2) - 2, A - .3', L — 125, 

Chords — 50 ft., to find the deflection from 

te a point ^ + 25 (see Fig. 4). By formuls 

o;' - L [z>A 4- (v + ^) X 1 X 0*»00.1' 
uting values given above, 
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r^m • • • •• •-Jp-»»»- — 




fig. 4. 



" n " ha\nng any value, whole number or fractional. 

With A as origin we obtain, by (62) the deflection angles to the 
points B, C, D, E, etc., to any change point, as C, where the degree, 
or rate of curvature, is D, From C, with backsight on A, deflect 
a — &n (in which n =» 2, and a »- the central angle of the spiral from 
A to C) to get on tangent at C, then to locate any point, as E (not 
shown on Fig. 4), from a tangent at C, deflect 



<o 



LD^ + 8n 



(63) 



^ being the deflection angle due to n chords from C, corresponding 
to the same number of chords from A, 

To get on tangent at E: 

With backsight on C, deflect LDA + (a - in), in which n - 2, 
L — CE, and a corresponds to the central angle of the spiral from A 
for a length L. "Wt^ak 

The process is the same as with Eq. (61), though the second.MMtor 
of the second member is different. 



* It will be seen that the differences between this method and 
that of Eq. (61), for a curve with L = 400 ft. and « - 16® is 0°00'03". 

The difference increases with the central angle a. The above 
method, with change points 200 to 300 ft. apart, is quite accurate 
and the best for preparing a set of tables — though not so easily ap- 
plied in field computations as (60) or (61). By assuming "change 
points " 100 to 250 ft. apart, the deflection tables of this book may be 
extended indefinitely. 



i^XAMPLE 8. UlVeu ^ 
om A. 

tan 5. - i^^ - .023260 or «•- ] 

fo get on tangent at C, at which point the tot 
DO' - 1° 19.95' - 2° 40.06'. Hence with the 
cksight on A, deflect 2? 40.05' to get on tan 
te of curvature is Z> «■ 4® 00'. 
From tangent at C to locate some point E, m 
K) ft. from C, then 

cj - LDA + «• - 200 X 4 X .3' + 1° 19.' 

.nd to get on tangent at E, with backsight on ( 
oi - LDA + (a - 5e) - 200 X 4 X .3' + 2* 

ORDINATES. 

§ 10. To determine the ordinates o, oi, > 
as /o, let aB — o, Bib =« «, ABi = xq, BxB = 

Then from Fig. 4, — — tan y, « — j© tan y, 

Jo 

— cos y, o =» (« — i/o) cos y, or since s 

o — (xo tan y — yo cos y =» xo sin y 

For the distances Aa, etc., Aa =» AxBi 
' — ^ Tn the same way we may 
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A and D. Let the length of any chord be C2, C4 • c», in which 2, 4, n 
indicate the 2d, 4th and nth increment. 

C2 -■ (xa — Xi) sec Yal C4 »■ (x^ — 2:3) sec 74; 

c„=- (i„ - x„_j) sec y„. (66) 

Example 9. Given X2 =■ 209.65; Xt — 120; 72 =» 4° 37', to find 
the length of chord, cj- (x2- Xi) sec Va = 89.65 X 1.0032 => 89.93. 
For the length of long chord (from origin), X2 = 209.65; y= 2° 27'; 
xasecY - 209.65 X 1.009 = 209.84. 

It is to be observed that the superelevation of the 
outer rail, in the use of the transition curve, may be 
made greater or less than that which has been assumed 
in computing the tables; the only effect it will have is to 
diminish or increase the assumed value of "i/* which is 
equivalent to increasing or diminishing the velocity, 
since i and v are inverse functions of each other in the 
constant P, i.e., it makes the rate of rise of the outer 
rail to effect superelevation a little greater or less. It 
is, however, best to introduce the average velocity of the 
express or fast passenger trains in constructing the tables. 
Where the location is so constrained that the EC* 3 and 
EC's of the circular curves are quite close together, it 
may be necessary to give "i" a smaller value than would 
be otherwise desirable. A value of 300 or 400 is suffi- 
cient for adjustment, and good results may be obtained 
with a value of 200 when the radius is not greater than 
573 feet, since v usually is made to decrease with r. 

The beginning and end of the transition curve should 
be marked by permanent points. 



Degree 

Sf 
Curve 


Radius 


Reciprocal 


DcKlM 

6f 
Curve 


D 


r 


I 

T 


D 


0°30' 


11460. 


.00008726 


8*00 


1°00' 


5730. 


.00017453 


9*00 


1*>30' 


3820. 


.00026179 


10*00 


2*00' 


2865. 


.00034906 


11*00 


2°30' 


2292. 


.00043633 


12*00 


3«00' 


1910. 


.00052359 


13*00 


3*»30' 


1637.1 


.00061086 


14*00 


4°00' 


1432.5 


.00069808 


15*00 


4°30' 


1273.3 


.00078540 


16*0( 


5°00' 


1146. 


.00087267 


17*0< 


5°30' 


1041.8 


.00095993 


18*0 





QKK 


.00104712 


19*0 
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PROBLEM I. 

TO FIKD THB SBm-TANGBHTS. 

§ II. Given a circular curve whose radius « r,,; the 
ntersection angle = /; the semi-tangent = T, to unite 
it with the tangents by means of transition curves whose 
lengths are L^ and L and offsets are m^ and m respectively. 




Fig. 6. 



Case 1. 
When m^ > m (by Fig. 5), if / < 90% 

■- aW/ + r — m^ cot I + m coae !• 



^V\ 



V-f/»* tl» 



or in general caUing, 



or in general caUing, ^^ 

°"" ln.\Ui -ben I > 90= ^ 

the + sign being used 

3. 4. T + m, cose i 
^ ^ T 4- w, cose i -r 

m 

m general caUing, ^ + T + m, 

using + when I > ^ 

Case 2. 

i.;«r. 4 we have 
„^=oinequaUon4 ^ 

t ^ T + m- <=<»* ^' 

Case 3. 
,r^.= m in equation 4, 
If m - ^ r + m, (COB. 

*' "*' m , -r». fcose 
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but if / > 90°, 

cos i — — COS / and cot / = — cot / 

T I / X T\ 1 — cos / 

cose / + (— cot /) = : — = — , 

sin/ 

which we have seen = tan J/. Hence when m^ = m, 

t,=t=x^ + T + mtaniI = x^+(r,,+m)tan}I (ii)* 
(See App. I) 

is a general equation whether / be greater or less than 
90°. If in (11) we make x^ and m each = o, then 
t = r = r^^ tan J/ = the semi-tangent for a simple circu- 
lar curve. 

Example 10. Given L »- 210; r »- 818.8; m/ — 2.23;/ = 40**; 
0,Ht - 104.93; to find t (Fig. 5): 
t - x^^ + (n/ + m/) tan i/ «- 104.93 + 821.03 X .36397 -403.75 

With the same data 

§ 12. TO Fnn> THE BXTBRNAL SBCA9T. 

Case 1. 
When m^ > m, 

H,d, T + m, cose / J: m cot / , 

DH, ^ ^^~r^ t^nH,Dd, , 

e^d^ = (r^y 4- m) sec H^Dd, — r^^. (12) 

♦ If we wish to unite two grades by a vertical curve, then, if 

in Eq. 44, we make — »■ o 

Md sin <j> =» sin ^I 

L =• 2r,f sin ^I 
X = L (1 -) 
L2 

and Eq. 11, Prob. 1 i - x^ + (r,/ + m) tan i/ 

in which il " i the angle at which the grades intersect, ry/ should 
luive a value of from 5730 to 11460, and represents the minimum 
ladioB of curvature at the middle point of the vertical curve, x and y 
ordinateB from the origin or terminus of the vertical curve to ita 
middle point or to any other point. 



^^^^^H 




^^^H 


TBANaiTION OUKVB 


^^^^^^ 


C-\SE 2. 


^^^^^^^H 


0, 


^^^^^^ 


-VA 7- (-m,ro.e/ ^^^.. ^^ 




^^^^H 


e„b, = r„ sec H,Db, ~ r„. (13 


^^^^H 


C.V9E 3. 


^^^^^^ 


=. m, e,d, = (r,, + m) sec jl - r„ (14 


^^^^^^^H 


|, 14, we Illlike m — 0, wo buve for tiie externa 


^^^^^^^H 


1 siiii[)le circukr curve: 


^^^^^H 


B; = r,, («ec3;-I) =«. 


^^^^^^^^ 


i«h llic transition curves B„,0,„ and B,0„ t 


^^^^^^^H 


tiingent to each other at some iwiiit A with 


^^^^^^^^^1 


riidius of curvature = r„ = the radiua of Ih 


^^^^^^^H 


urtioii W,„B„ with B,„e, elided, then B,„ : 


^^^^^^H 


with B,. 


^^^^^^^1 


= »= /-r^.B,„m-„ = a, = L-A, (j,. 




Jr„ 2r„ ' 


1 
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radius =* 1 before entering the formulas, and after calcu- 
lations are made the result expressed again in degrees 
and minutes to apply formulas for semi-tangents, ex- 
ternal secants, etc. 



PROBLEM II. 

TO FIND THE LOCATION OF THE OFFSET '7". 

§ 13. Given two curves with radii r, and r,,, a distance 
T>tDff = d joining the points D^ and D// also the angles 
BDjD^j = p and CD^^D, = 0, to find the points A, and 
A^, at which a line drawn through the centers r^ and r^^ 
at B and C will cut the curves A,D, and A^^D,^. 




Fig, 6. Fig, 7. 

From Fig. 6 we have 

FC -=^h = d sin /) - r,, sin (180 - (p + 6)), 
BF - r, - [6/ cos /) + r,, cos (180 - (p + 6))] 



g-tan* 
and since 



d sin /? - r,, sin (180 - (p + 0)) 
Tt — \d cos p + Tf, cos (180- (p + ^))] 



(1) 



(2) 



hich (o is the arc of a circle with raaius 

S > ^, then the point A^^ lies betwe< 
the distance A^^D^ is measured froi 
to A^,. 

4^ > S, the point A^^ lies beyond D^ 
;e A^fD^^ is measured from D^y to A^^ 
blished. On a perpendicular to a tan( 
^y and establish A^. 

Jhen f is small, the direction of the : 
estimated near enough. The methoc 
Byy, in Fig. 2, has already been indicate 
if is tangent. Fig. 7 applies. 

Example 11. r„ = 1000; r„ - 600; d =- 30 
/ = 50/: 

"irst, to find A » d sin p — Vi, sin (180 — ( 
»69 - 60 X .24192 = 136.76 - FC, 



Second, to find sin * = 



r/ - {Tn + /) 1000 

136.7- ^ FC ^ 

350 '^""^' BC 
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PROBLEM m. 

COHPOUND CURVBS. 

§ 14. Given two circular curves with radii r/ and rs, respec- 
tively, whose centers are apart a distance AC — 6 — ri — (rs + ///), 
and which are separated from each other a distance DiDu — ///• 
It is desired to introduce between them a third curve with radius r//, 
less than n and greater than r^ and to join the curve with radius rn 
with those having radii r, and ra by means of transition curves: 




Fig, 8. 

By the figure AD, '•^ AA, -» AB, '^ r, «- AC + CD,, + D„D, 
b + ra + ///; whence 



AC - 6 - r/ - (rg + //,); 
AB ^ c^r, - ixn + //); 
BC -^ a -^ r„ - (ra + /a); 
a, 6 and c form the sides of a triangle ABC in which 

4 hill. ^L\.t i^/l _ J.\. 

''"24 \t„ rj''* 24 Vra r, J • 



(1) 
(2) 
(3) 



(4) 



Sin£ ' - sin A; 
o 



Sin C — - sin A, 
a 



educing each of the above angles to an arc as in 
rt of this book, we have 

AiD, - r,A; AtDn - r^C; A„Az - ru (] 



e arc 



the same way, 



'^^ ar// 2r// Vrs r/// * 

'^" ar// ar// Vr// r//* 

♦ ^,_k_ Z(JL_L). 
'^ ar/ ar/VT// f// 

A/B/ — r/^/; A// B// — f//^// ; A3B3 - 

A4B4 - T^A ; 
B//B3 - r// 1 ; t I - (180 - B) - O. 
B/D/ =- r/A + r/^/ = r/ (A + ^/); 
D//B4 - ra (C + ^4). 
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arc C - .26054; A^D, - 2865 X .06516 - 186.68; AJ),, - 716.3 X 

00 
.26054 = 186.77; AnA^ = 1146 X .3287 - 376.69; ^4 =• 2(7i6T) * 

.6282; ^3 - ^2- 2(f^ - .03926; P. - ^(^ = •^^^^' ^'^" 

-A//5// = A3B3 =- A4B4 = 45.0 ; * - 18*» 48' - (2* 15' + 2° 15') 
= 14<» 18' arc t = .25017; fiz/Bg = 1146 X .25017 = 286.7; B,D, =- 
2865 (.06516 + .0157) -231.67; B^Z),, - 716.3 (.26054 + .06282) 
= 231.62. 

If we make // = and n = r//, then c =» 0, C = 0, /// and P// =» 
0, 6 = a and is coincident with it, A == 180 — B and the problem 
reduces to uniting A,/ A3 with DnB^ by means of the transition 
curve. If Tn = r,, c = 0, C — 0, in which case f/ and fs — 0; a is 
equal to and coincides with b and ^4 = 180 — B = equations for 
vers and sines == 0. The problem reduces to uniting curves B,D/ and 

BtD// by means of a transition curve whose length I/2 = i /~j — ^r 

If /a and // = 0, while r,, r„ and ra retain their values, the transi- 
tion curves disappear and the curve with radius r,t compounds at 
A\ and A/ with the curves having radii ti and ra. 

180 — B is the central angle of Ai4Az\ (18) 

C = that of D/zA*; A =- that of AtD,, (19) 

If the compound circular curve, Prob. Ill, be of two centers 
with radii r// and r/, then Eq. 12 and 13 gfive the value of ^/ and /3// 
if the central angles be not exceeding 10 or 15 degrees and the 
radii do not exceed 955 feet; otherwise 

Let <*// — «/ =" ^// + ^/ «= / and r„ and r, be known ; then, Eq. (6) 
page 5 

P - 2|^^ ^20) 

and by (6) 



r//2 r/2 



«// 



2r,,2 
P 



and / computed by Eq. (37) then by § 4 

f^ii and f^i can be obtained, whence r„f^ti ^ the length of one 
branch of the curve and rtf^i the other. Then to find the B. C, 
C. C and J&. C. of the compound circular curve, having 



^3 » Similar process we may find hn when 
ni-tangent adjacent f^u and T,t + 6/ « the sen 
which fixes the B, C, and E, C, and r,^t tl 
rve to C C The distance n/3^ assumed to U 
•ve.* 

If it be desired to introduce transition curve 

this compound curve, the formulas of Problei 

writing 

To + bn and T + ht for T, 

len the rate of curvature of the branches of 

er from each other by less than two degrees 

: the transition curves may be omitted at the 

t introduced only at the ends where the curv 

gents. 

rhe semi-tangent to a compound curve of roi 

t may be computed by latitudes and departurei 



Case 2. 

f it be desired to introduce a third circular i 
joining the other two fixed circular curves, b 

, all turning in the same direction, then tl 

cate<l in Fig. (8a) and the solution similar to i 
fixed value from which //, /a, Lt ■» B/Bu an 

puted. If, however, we wish to displace tl 
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length of the spiral arcs computed from this data. Since Pn- Pa ' 

Lob 

2 

A3O// + A//0/ < A//A3, generally, by an amount OtO,,. Make 



Ln/ 

Ti : r, then — 



rt/P// =« A//0/, 



r//^3 =» A3O//. - 



0^ 



Q/Q//r3 
r/ + ra 



and 0//0 = 0,0„ - 0,0 then 2 (^ + O^&j - L, 
:-»-..^.' *' lit; ^ 'KvZ ^ -^ • v, 1 



% 



Fig, 8a. 

2 U~ + Of/OA = 1*3 nearly, compute // and /a and make the sides 

of the triangle, AB and AC, respectively = r// — (r, + f,) and 
^11 ~ (»'3 + /s) and compute 0A„ and OA3 repeatedly till =» a// and 
2/3, or O/O// = (or iota == 0). If we make r,, infinitely great, then 
AiiAz will be a straight line and O the common origin of the spirals 
m which ri + ra ± /// = xm, + XW3 and we would have a special 
value of P for these particular curves. For a compound circular 
curve // and /a »= as in the first part of this case. 



PROBLEM IV. 

§ 15. Given two curves turning in the same direc- 
tion, whose centers are a distance apart = T>,T>,, and 
whose radii are r, and t„. To fix the position of a tan- 
gent AfAfff and connect it with the circular curves A^^Cf 
and A^Cff by means of transition curves having a fixed 
value of P (Fig. 9). Let C^C^f be a line joining any two 
points Cy and C^y of the circular curves with radii r^ 









/'•\ 



/ / 1 \ 







Fig, 9, 

r,^. If from D^ and D^^ we let fall perper 
^inary tangent passing through the c 
sition curves, by the conditions of the 
th of these DerDendiciilftrs will ha* 
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Cfi,A„ - different of C,Dfi„ and 8. C,D,A„ reduced 
to Arc and multiplied by t, — the distance C,A„ to 
establish A„ ; from A„ lay off m, normal to the circle and 
establish A,. In the same way C„D„A, — the diftei^ 
ence between 180° - B and C„D„D,. C„D„A^ mul- 
tiplied by T,i = are distance C„A^ from C„ to A, to 
establiah A„ from which lay off m„ and eatablish A,„; 
then B line through A,A,„ is the required tangent. 

The distance A,0, to the origin O, •» x, — r, sin a., 
and the distance A,„0„ — x„ — r„8ina„; whence the 



0,O„ -Tip,, sin e - [(x„ -r. 
It we wish the distance 0,0„ 



»„) + (*,-• 



D.D,, - [{«„ - 



nO + (x, 



«,)] c, 



«,)]. (3) 



efl. (4) 



Thia gives the shortest distance possible between the 
centers of the circular curves when transition curves 
are introduced. The transition curves may have differ- 
ent values of P provided Afl, + A„fi„ — or < than 
A,A,„. If the curves are reversed, D,K„ — (r, + m,) 
+ (r„ + m„) and we find the value of 8 by completing 
the traverse C,C„.D,„D,C.. 

Example 13, Given D.C.C,,- 85°; CA:,.D. - 100; C.C, - 800: 
r, - 1146; t., - 573. I^nt, to find DJ},. - D^ By tnyerse vith 
D, u i&itiki point. 



From 


Couth 




LiH.Jtf + 


U..S- 


D,p£ + 


D^W- 


To 


J), 

c. 


Soutb 

ifas'E 


300.0 
573.0 




1146.0 






c. 

c„ 

D., 


38. 1 

£70. S 


298.0 
49.0 













tan CUtAyt, 

Dm. lai. 

32*' 25'- 28*' 25' - 4«' .*. D,At - r, 

A„A, ^ m, -=' .13'. By the table Cu 

DitAni = r,, + m//; parallel to Z>/A/; bears i! 

A^Ani = 1.05 At Am ^ DuKt > 

= ^4^/// = 650.5 X .4759 « 

OiOn = Z)/Z)/ sin ^ — [(x// — r// sin a, 

Let x// == 119.90; a,, = 6° X/.= 6 

0,0n = 309.5 - [59.95 + 30] - 309.5 

to make OiOn = 

A /A/// =- 89.95 cose B, or D/Z)/// = 89.9 



PROBLEM V 
OLD TRACK. 



§ 1 6. To introduce the transi 
ment where circular curves have 

In Fig. 10, suppose ABC, a sii 
have been run tangent to the line 
Tf = D,A = D,B; it is desired to i 
— *.i».o has a radius 
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AB = the distance to measure from A = PC to locate 
B; BA,, the distance to measure from B on BA,, to 
Jocate A,,. From m and r^^ we have 




2r,,o,, 



// 



or 



4, a» 

/7g. ro. 
L = V24mr^y, squaring, AXf^Q.^^ «- 24mry 

2 _ 6m _ /6w J o _« -^ 

II "^ ^ » *" "~ V "^ ' ^//*// "^ ^ii^u "- 2 

hi (0// - «//) = BB,,; (r, - r,,) sin = A, A. 

The rate of curvature of r^^ should not be more than 
from 1® to 2® greater than that of r, (when possible) for 
curves of a curvature less than 10®; 2** to 3** difference 
for 10® to 15® rate of curvature; 3® to 5® difference for 
15® to 20® rate of curvature. 

Example 14. Given r, = 1146, r// « 955, m « 1.52, to find ^; 
a//, ABi BB/f and L 

, m 142 



r/ - r// 1146 - 965 



•0.0074a— vw «* ^fti \ *x^ ^— ,VJ^5«* 



EXPLANATION OF THE ^ 

BT KSCTANGULAR CO-ORDO 

§ 17. Tables 1 to 7 give values f 
.ransition curve by the method of r 
dates. They are equally applicable foi 
with a circular curve, or curves havi 
by means of the transition curve. I 
taken separately from the same colun 
and a,, and their difference will be th 
for the length and central angle resp 
eral ordinates, x, y, Xf, y/, are laid of 
origin (Fig. 2) with arc B,A^ or B 
same as if 5^ or B^, were written for 
successive stations were B, C, D, < 
etc., successive points x, x,, x^,^, etc 
y> Vn Vn} 6tc., values normal to t 
AffBff in the same manner as if 
P and V are taken of such values at 
fractions in L. L is supposed to 

*v>« nhords are 
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The method of laying out these co-ordinates is shown in Fig. 4, 
in which the origin A corresponds to the point E in this example, 
and ADt becomes a curved axis with a radius of 1432.5. 

If the transition curve were laid off from B,iAtt, Fig. 2 as axis 
and Bi/ as origin, the above values x, etc., and y, etc., would be 
just the same except they would be laid off from the convex side of 
AuBii instead of from the concave side, as was the case with A4Bi 
as axis. If the curvature of the circular curve is of fractional 
degree the value of / and the last values of x, y and a will have 
to be computed by the formulae at the head of the respective 
columns in Spiral Table I. 



BY DEFLECTION. 

(Or Polar Co-ordinates.) 

I 1 8. Given a tangent at any point of a transition 
curve as i) to locate any other points as il, 5, C, E, F, 
G and H. As in the case of the Tables for rectangular 
co-ordinates they are equally applicable for locating the 
points of the transition curve uniting a tangent to the 
circular curve or circular curves of different radii with 
each other. (Fig. 3.) 

Example 2. Let L// — L/ » L »■ 120 be the length uf the 
transition curve; r* = 1910; r,/ — 716.3 the radii of the circular 
curves to be united by L by deflections from a tangent at Z>, where 
the curvature corresponds to r/. The tangent will be common to 
the circle and transition curve whose rate of curvature " D " (Table 
II) -■ 3°. DE, EFt FO, etc., being chords of the transition curve 
each "■ 30 feet. The tangent at D is a tangent to the circular arc 
with r/ — 1910. Then by the formula u - L[DA + N X 0°00.1'1 
in which, if we write L -= 30, 60, 90 and 120; and J\r » 1, 2, 3 and 4 
successively, Z> = 3, A » o.3', then the deflection from tangent at 

D to locate JE? is « - 30 [3 X .3' + 1 X 0* 00.1'] - 0° 30' 
D to locate F is « - 60 [3 X .3' + 2 X 0* 00.1'] - 1**06' 
D to locate (? is « - 90 13 X .^ -V ^ X^* Wi.V\ — ^* *«? 
D to hcBte ^ la « - 120 13 X .y -V 4 XO* O^i.VX ^ 'JP ^^ 



D to locate C is « - 30 [3 X .3' - i X U" 

D to locate B is « - 60 [3 X .3' - 2 X 0** 

D to locate ^4 is w - 90 [3 X .3' - 3 X 0° 

If one of the chords be fractional and the cl 
chord be fractional also. 

I^t J, - 15' - i. C - 1* 30' - 
nby (61) 

4» - L f i>A db ( AT + ^) C X 0*»0 

To locate any point, as O + 15 from tangent a 
« - 105 [3 X .3 + (3 + i) X H X 0" 00. 

To locate any point, as ^4 +15' from tangent 

*i - 76£3 X .3' - (2 + i) U X 0*» OO.l'l 

we have run the curve from A to Z> and chan 
D in order to place the line of sight tangent 
ht on A and deflect 0° 54' and we have a 
;ilitate the u^e of the tables it is best to set t 
d set the telescope on line AD, turn the vei 
tue deflection as tabulated, reading downwai 
9 points E, F, G, etc. If the curve is 1 
wards A then set the vernier at the angle indi 
when backsight is on O from D deflect fron 
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APPENDIX I. 

PROBLEM. 

OiTca: TIw altituile of Iwo circumjwlftr etan, nvirly oppoMM 
VAch other, the local tim« uf Meridian paseace uf citber star, tbeir 
dlB«Tence Id time et Heiidlu puiaee an<l the polar di»Unce of 




For eonvanienee. let Polaria and AJioth be the itara obeerred; 

O tlM potitioQ of the observer and i«ater of the aelnlial iphcn. 
ONBW be the north half of that portion of the oeleitial aphere 
above the horiioa WNE, with A aa lenith. 

Let CC - e or Q„C„ - c„ be the altitude of Alioth at the Umo 
of obMrvation and B5 - (r or B.,6,: - 9.. the altitude of Polaria * 
36 miuulee later: then !he plane pnuing thriiUEh the point! S, O 
and O will p»s through the pole P and cut the celestial aphere in 
the tine f +r,80 or S,iQ„, r t and r, being the polar distance 
reapeotivety of Polaria and Aliotb and AP — i the eo-latituds of 
the pla«« O. Then the plane ASO or AS,/> will cut the eide of the 



t Tlie pontton of theee itara have a elieht annual eba&«<& vi»& 
raAnow to Che pole, which must be tftVcn \n\a (.cea^aiV V10111 iws 



OS (90 — c) -■ sin c and cos (90 — o) ■■ sin a, I 

a sin c — sin a cos (r + r/) 

cos o " : — ; ; r • 

cos g sin (r + r,) 

le angle «Si is common to the two triangles ASl 

e now have r« S and (90 — a) to determine A 
le I^atitude and P >■ the Hour Ang e (expressi 

>s (90 - Z) - cos (90 - o) cos r ± sin (90** - o] 

sin 1 — sin g cos r ± cos g sin r cos S. 

— sign when S >■ 90; and since 

sin (90 - /): sin (90 - o):: sin S: sin P 
cos I: cos g:: sin S: sin P 
cos g sin S 



sinP 



cosl 



represents the angle the plane OSP makes 
at the time of observation on S and P^ X 4 t 
ssed in minutes of sidereal time, from the plan 
triangle ASP we have 

. . sin r sin P sin r sin P 

gin A " -; — ■ — • ■ 

sin (90 — g ) cos g 



MERIDIAN 61 

EzAMPLB. Given a - 40; c - 20; r — 33"* 30' to find the lati- 
tude 2. We first find the angle S by the formula, 

^ _^ Bin c - Bin y COB (r + n ) .3292 - »64279 X .82181 
**• cos (7 sin (r + r) " .76604 X .66076 

- - '^m - - .42667 - cos 115.15. 

To find the latitude we have (a) 

sin 2 ■■ sin (7 cos r ± cos g sin r cos 8 

using the — sign (since S > 90°), 

sin I - .64279 .9998 - .76604 X .0215 X 42667 - .642661 - 00702 
« .63564 - sin 39° 28', whence the Latitude 39° 28'. 

To find the local time we have (6) 

^^p_ coiLgjinJ . .76604 90448 _ 3^^^, _ ^^ ^3. ^ ^ ^„ 
COS r .77 M 

- 63° 49' X 4 - 4^ 15™ - 255 sidereal minutes; 255 X .99727 - 254 
mean solar minutes, or P -■ 4** 14™. 

The time of observation was at 1 o'clock a.m., Dec. 1st, 1900, 

i.e. 13^ - 4^ 14™ - 8** 46™ the time of meridian passage by the 
clock. 

The local time of meridian passage was 8^ 40™ i.e. 8^ 46™ — 
gh 4Qm . oh o^m j^ ^.j^ ^^^^^^ ^„ gm j^^ 

To find the Azimuth Angle SAP — BON — A, we have (c) 



Bin r rin P _ • 0215X.7974 _ ^^^^ ^^^^^ A-l'Z7' 
COS g .70604 



San Fbancxsoo, 1898. 
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MISCELLANEOUS PBOBLEMS, SUPPLEMENTS 63 



METHOD OF COMPUTING RADIUS. 

The usual method of computing the radius of curvature ot 
circular curves used in railroad location, is by the formula 

- - *^ (1) 



siniD 



in which c represents a chord of 50 feet in length, and D is the d^ree 
of the curve or central angle for a chord of 100 feet. By this method 
the radius does not vary inversely as the degree of the curve; while 
in the method of this book it is assumed to do so, and r is assumed 
to equal the radius of a one-degree curve divided by the degree of 
the proposed curve, or 

r - 5^. (2) 

These formulae give the same result for a five-degree curve for 
50-foot chords, thus: 

r - -r^-=r - -t^Mtk - 1146.00 and r - ^^ - 1146.00. 
sin \D .021815 5 * 

from which we see, by the method of this book, the radius of a five- 
degree curve is the same computed by either formula. For less 
than 6° rate of curvature r eq. (1) < r eq. (2) and for a rate of curv- 
ature greater than 5° r eq. (1) > r eq. (2) for 50-foot stations. 

Since the length of the chords is usually less than 50 feet, in the 
spiral the radius of curvature is assumed to vary inversely as the 
d^ree of the curve, and the same radius may be used for the main 
curve, by making its chords less than 50 feet, the proper length to 
be determined, by computation, and tabulated for field use. It 
is scarcely worth notice (=» .002 per degree of curve less than 50 
feet fur each degree in rate of curvature per 100 feet of arc). 

TO DETERMINE THE NUMERICAL CONSTANT IN FORMULA (6o): 
Place 0°00.1' =• k, then we have «' - LNCk 

or *-L^- <1) 

We find 5' by dividing eq. (21) by eq. (26), whence, 

^ , y 6r V^ 56r2^ ^ ^ . 6r V^ 5 6r2 ^ | 
^^"TT; 2jr +,o^t^n^^ ^^« 

^0-4o70 ^- W^^ 



S and 2LioitL, then calling the numerical cc 

-«'n 



*/- 



2LNC 



ng in a contrary direction from the same poii 
M supplement, k, should always come out gre] 
ralue of k, will be found to increase and 
with a. For L "■ 200 feet, or less, and a » 
naake jfc^ — A; — O'OO.l'. 

1 be seen by a trial example that the differei 
hod and that of eq. (61) for a curve with L 
oint at 200 feet) and a - 16«», is 0'00'03". 
lifference increases with the central angle a. 
with change points 200 to 300 feet apart, is 
best for preparing a set of tables, though z 
D 6eld computations as eqs. (60) or (61). 
ssuming "change points" from 100 to 250 fe 
1 the deflection tables of this book may be su 
id term in eq. (61) and the spiral extended in 
'ollowing table shows the results of computai 
rmulae. 
'alue of the constant C in each particular case i 

> C, in which D, represents the d^ree, or rate < 
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angle due to the circular portion of the cur 
dd radius rn and ' 

, by making the second term in eq. (61) ■■ 0, \« 

>A Mi the deflection from a tangent at any ] 
curve, as Bi or But to locate any other point c 
etween Bt and Bin inclusive of the last point 
) may be. 

SUPPLEMENT TO PROBLEM HI. 

the arc of that portion of the curve, between 
lar and laid out by the method of circular curvi 
im tangent being computed by eq. (61), in whi 
1 brackets, is made ■■ 0. whence, it becomes tt >■ 
> be reduced from arc to degrees and minutes 
al deflection. 

THE PROCESS OF FIELD WORK. 

inning at O,^ as instrument point, deflect from 
ioessive stations by formula (60) including Bi 
I the instrument at B/, with backsight on O/, dc 
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Having located Om, set up instrument at Otn and with back* 

sight on B/// deflect 

«' - LNC X 0** 00.1', 

and the line of sight should coincide in direction and position with 
the tangent 0///X, or the semi-tangent Omd,, 

Some prefer to run the spirals first, i.e., from 0/ to B/ and from 
Om to B///, and the circular portion BiBm last, thus throwing the 
closing error, if any, at B/ or Bm. 

Undoubtedly this makes a better adjustment when the points 
Of and Out have been fixed previously by semi- tangents. 

All change points should be established by double centera to 
eliminate errors of adjustment in the transit instrument. 
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